Abstract
Introduction

Central alveolar hypoventilation syndrome is a rare disorder that is characterized by lack of automatic control of ventilation during sleep because of dysfunction of the respiratory center in the brain stem (1-4). Affected patients can apparently breathe normally when they are awake, but they inevitably develop prolonged apnea after falling asleep. Central alveolar hypoventilation syndrome is usually congenital (4). This pathophysiological condition can also be caused by brainstem lesions, including surgical incisions into the second cervical segment of the spinal cord to relieve intractable pain, infarction in the respiratory center, encephalitis, and tumor in adults (5-8). However, central alveolar hypoventilation syndrome caused by impairment of the brain stem after surgery has not been previously reported.
This paper reports the first case of acquired central alveolar hypoventilation syndrome due to surgical resection for bulbar hemangioblastoma, which was diagnosed based on the criteria for congenital central alveolar hypoventilation syndrome. This case suggests that, in this syndrome, higher bi-level positive pressure using a full facemask may be needed to alleviate sleep hypoventilation and apnea.
F i g u r e 1 . A: T 2 -we i g h t e d ma g n e t i c r e s o n a n c e i ma g e . T h e p r e o p e r a t i v e MRI s h o ws a l a r g e ( 5 c m) me d u l l a r y t u mo r . B : T 2 -we i g h t e d ma g n e t i c r e s o n a n c e i ma g e , wi t h a r r o ws i n d i c a ti n g h i g h s i g n a l s . Af t e r r e s e c t i o n o f t h e h e ma n g i o b l a s t o ma , MRI r e v e a l s o n l y s ma l l , r i g h t l a t e r a l me d u l l a r y s c a r f o r mat i o n , a s i n d i c a t e d b y t h e a r r o w.
years. The gait impairment persisted despite gamma knife radiotherapy, and resection of the bulbar hemangioblastoma was performed at the age of 28 years. Magnetic resonance imaging (MRI) findings before and after resection of the hemangioblastoma are shown in Fig. 1 T h e o p t i ma l t h e r a p y i n t h e p a t i e n t wa s h i g h p r e s s u r e NI P P V b y f u l l f a c e ma s k . NI P P V: n o n -i n v a s i v e p o s i t i v e p r e s s u r e v e n t i l a t i o n , AHI : a p n e a -h yp o p n e a i n d e x , I : i n s p i r a t o r y p o s i t i v e a i r wa y p r e s s u r e , E : e x p i r a t o r y p o s i t i v e a i r wa y p r e s s u r e Hemangioblastomas of the medulla are rare and seldom reported (15) (15) . Preoperative embolization of hemangioblastomas is a useful and relatively safe procedure that reduces blood loss at the time of surgery and allows complete resection (16, 17 (6, 8, 18) . The two main collections of neurons that regulate respiration in the medulla are the dorsal respiratory group (DRG) near the solitary tract and the ventral respiratory group (VRG) near the nucleus ambiguus (19) . There is also a collection of neurons in the dorsal pons that participate in the control of automatic respiration (20) . Although all three of these groups of neurons are paired bilaterally, unilateral damage of the medullary tegmentum may be sufficient to cause the syndrome of central alveolar hypoventilation and apnea due to damage to crossing fibers connecting the paired medullary nuclei. Damage to the VRG may also p o l y s o mn o g r a p h i c r e c o r d i n g s h o ws n o c t u r n a l d e s a t u r a t i o n d u e t o h y p o p n e a a n d  a p n e a wi t h a d e c r e a s e i n t h o r a c i c a n d a b d o mi n a l mo v e me n t o n a d mi s s i o n . B : A p o l y s o mn o g r a p h i c  r e c o r d i n g s h o ws n o n o c t u r n a l d e s a t u r a t i o n a f t e r h i g h p r e s s u r e NI P P V t h e r a p y u s i n g a f u l l f a c e ma s k .
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. Surgical resection of medullary hemangioblastomas is associated with high morbidity and mortality rates (15). Removal of large solid hemangioblastomas may result in severe postoperative edema and/or hemorrhage in the medulla affecting the respiratory and vagal centers (15). Therefore, preoperative embolization through the posterior inferior cerebellar artery (PICA) can be helpful in this situation
be sufficient to result in loss of automatic respiration (8) (22) . Sustained hy-
F i g u r e 3 . A: Ch e s t CT o n f i r s t a d mi s s i o n . B : Ch e s t CT a t t h e t i me o f d i a g n o s i s o f a s p i r a t i o n p n e u mo n i a .
poxia has a depressant effect on dyspnea and ventilation through depression of the central nervous system and impaired cognitive function (23, 24 
